Organic zinc was included in the diet of broiler chickens to examine its effect on the skin characteristics and the expression level of skin proteins. Broiler chicks (Ross×Ross) were fed a corn-wheat-soybean meal basal diet, either as control or containing an additional 80 ppm of zinc proteinate for 4 weeks, and then five broilers from each treatment were selected randomly, slaughtered, and their skin characteristics were examined. There were significant increases (p<0.05) in thigh skin epidermis and dermis thickness in the chicks fed organic zinc. Collagen content in the skin of broilers was also increased by the addition of organic zinc to the diet. 2D-gel electrophoresis patterns indicated that expression levels of the three proteins, glyoxylase 1, hypothetical protein, and dispersin B were affected by zinc feeding. These results suggest that adding organic zinc to the chicken's feed may contribute to decreased skin tearing.
INTRODUCTION
Zinc is involved in various metabolic processes of animals and is an essential mineral for normal growth and carcass quality of broiler chickens (1, 2) . In poultry, zinc plays an important role in keratin and collagen biosynthesis (3) . In particular, reduction in skin tearing was reported to be observed with the addition of organic zinc to the broiler's diet (4) . The antioxidant capability of zinc provides a defense system to skin infection in broilers (5) . Recently, organic mineral sources like zinc have been incorporated in the diet because of their high bioavailability, compared to inorganic source (6, 7) .
The objectives of this study were to examine the effect of organic zinc on the skin characteristics of broilers and to identify the skin proteins whose expression levels were affected by the addition of organic zinc.
MATERIALS AND METHODS

Preparation of samples
One-day-old broiler chicks (Ross × Ross 308) were allotted to 2 rice hull-littered floor pens with 1,500 birds per pen. The chicks were fed with corn-wheat-soybean meal basal diet or the diet containing 80 ppm zinc proteinate (Bioplex Zn, Alltech Inc., Nicholasville, KY, USA) for 4 weeks (Table 1) . After 4 weeks, five birds from each treatment were selected randomly and slaughtered. Samples were then collected and stored at -10 o C until the experiment proceeded.
Skin thickness measurement
For thickness measurement of skin layers, about 1 cm 2 of skin samples from the outer side of the thigh and pelvic back region of each broiler were collected. The samples were fixed in 10% formalin (pH 7.4), dehydrated in ethanol and embedded in paraffin, then stained with hematoxylin and eosin. The thickness of the skin layers was examined under a light microscope (Olympus Co., Ltd., BX 50, F-3, Tokyo, Japan) with a camera (Focus Light, Version 2.88). Significant differences (p<0.05) between mean values were determined using Duncan's multiple range test procedures.
Collagen content measurement
Hydroxyproline (Hyp) content of skin samples was analyzed to estimate the collagen content. Hyp content was determined as described by Ignateva et al. (8) with some modifications. Samples (12 mg) were hydrolyzed by concentrated hydrochloric and acetic acids (2:1, v/v, 200 μL) at 166 o C (oil bath) for 25 min. The hydrolyzed samples were then mixed with a buffered chloramine B reagent, and oxidation was allowed to proceed for 20 min at room temperature. Excess of chloramine B was de- composed by the addition of 3.15 M HClO 4 solution, and Erlich's reagent was added. The absorbance was measured at 557 nm and Hyp content was determined, based on the standard curve. The total collagen content was calculated by multiplication of Hyp content by 7.5 (9). Significant differences (p<0.05) between mean values were determined by using Duncan's multiple range test procedures.
2D-gel electrophoresis (2D-GE)
Skin samples from the slaughtered chickens were frozen in liquid nitrogen and ground using a pestle and mortar. The ground powder was dissolved in the phosphate-buffered saline soultion (137 mM sodium chloride, 2.7 mM potassium chloride, 4.3 mM sodium phosphate dibasic, 1.8 mM potassium phosphate monobasic) containing 1 mM phenylmethylsulfonyl fluoride and 2% NP40 and centrifuged at 4,000 × g for 20 min. To the supernatant, trichloroacetic acid/acetone solution was added and proteins were precipitated. After centrifugation, the precipitated proteins were washed more than 3 times with cold acetone containing 0.007% β-mercaptoethanol. The pellets were then freeze-dried and used as a sample for 2D-GE.
For the first dimension isoelectric focusing (IEF), Ettan IPGphor system (Amersham Biosciences, Uppsala, Sweden) and non-linear immobiline IPG strips (18 cm, pH range 4～7) were used (10) . The lyophilized protein pellets were dissolved in rehydration buffer (8 M urea, 4% (w/v) CHAPS, 2% (v/v) IPG buffer, 0.002% (w/v) bromophenol blue). After centrifugation, the supernatant (340 μL) was placed into a strip holder, taking care to ensure there were no trapped air bubbles, and covered with Drystrip cover fluid (Amersham Biosciences). The rehydration step was performed at 50 μA for 18 hr at room temperature and the isoelectric focusing (500 V for 1 hr, 1000 V for 1 hr, 4000 V for 4 hr, and 8000 V for 4 hr) proceeded.
After IEF, the IPG strips were equilibrated for 30 min in SDS equilibrium buffer (50 mM Tris, 8 M urea, 30% glycerol, 2% SDS, 0.002% bromophenol blue) containing 65 mM dithiothreitol (DTT), and re-equilibrated in SDS equilibrium buffer containing 135 mM iodoacetamide. The equilibrated strips were loaded otol (Dtop of a vertical SDS-PAGE (1g 5%) gel for the second dimension separation (20 cm × 20 cm × thm, PROTEAN II 2D Cell system, Bio-Rad laboratories Inc., Hercules, CA, USA). The strips otol (Dgel were fixed with 0 5% lowt heDS ng agarose dissolved in running buffer. Electrophoresis was performed at tW per gel for the initial 30 min and then at 250 W. After running, the gels were visualized by silver staining kit (No. 17-1150-01; Amersham Biosciences) and scanned for image analysis.
Protein spots which were differently expressed on the gel between the samples were excised, and the gel pieces were destained with 100 mL of destaining solution (30 mM potassium ferricyanide, 100 mM sodium thiosulfate) with shaking for 5 min. After removal of the solution, gel spots were incubated with 200 mM ammonium bicarbonate for 20 min. The gel pieces were dehydrated with 100 mL of acetonitrile and dried in a vacuum centrifuge. The dried gel pieces were then rehydrated with 20 mL of 50 mM ammonium bicarbonate containing 0.2 mg modified trypsin (Promega, Madison, WI, USA) for 45 min on ice. After removal of solution, 30 mL of 50 mM ammonium bicarbonate was added. The digestion was performed at 37 o C overnight. The peptide solution was then desalted using a custom-made C 18 nano column. A Means in the same column followed by different letters are significantly different (p<0.05).
column of Poros reverse phase R2 material (PerSeptive Biosystems) was packed in a GELoader tip (Eppendorf, Hamburg, Germany). Thirty microliters of the peptide mixture from the digestion supernatant was diluted in 5% formic acid (final volume, 45 μL), loaded onto the column, and washed with 30 mL of 5% formic acid. For the mass spectrometric analysis, peptides were eluted with 1.5 mL of 50% methanol/49% H 2 O/1% formic acid into a precoated borosilicate nanoelectrospray needle (Micromass, Manchester, UK).
Mass spectrometry analysis
MS/MS of peptides generated by in-gel digestion was performed by nano-ESI on a Q-TOF2 mass spectrometer (AB Sciex Instruments, CA, USA). The source temperature was 80 o C A potential of 1 kV was applied to the precoated borosilicate nano-electrospray needles (EconoTip TM , New Objective, USA) in the ion source combined with a nitrogen back-pressure of 0～5 psi to produce a stable flow rate (10～30 nL/min). The cone voltage was 40 V. The quadrupole analyzer was used to select precursor ions for fragmentation in the hexapole collision cell. The collision gas was Ar at a pressure of 6～7 × 10 -5 mbar and the collision energy was 25～40 V. Product ions were analyzed using an orthogonal TOF analyzer, fitted with a reflector, a micro-channel plate detector and a time-to-digital converter. The data were processed using a peptide sequence system.
Protein identification and sequence processing
To identify the protein, peptide masses from the mass spectrometer were matched with the theoretical peptides of proteins in the NCBI database using MASCOT software. Also, all MS/MS spectra recorded on tryptic peptides derived from spot were searched against protein sequences from NCBI and EST databases using the MASCOT search program (www.matrixscience.com).
RESULTS AND DISCUSSION
Epidermis and dermis thickness of back skin were not influenced by zinc supplementation, but significant increases (p<0.05) in thickness of thigh skin epidermis and dermis were observed (Table 2 ). Epidermis thickness of thigh skin increased from 35.5 μm for the control to 45.8 μm for the broilers treated with 80 ppm organic zinc, and dermis thickness also increased from 159.9 to 277.5 μm. The thicker the skin layer was, the stronger the resistance to infection by pathogens was (11). The results were also supported by collagen content data. Skin layers are mostly composed of collagen, which is responsible for the skin strength of broilers. Collagen contents, as determined by Hyp content, were significantly different between the control group and the broilers fed with 80 ppm of organic zinc (Table 3 ). Collagen content of thigh skin increased from 9.3 mg/g for the control broiler to 24.9 mg/g for the broiler fed with zinc. In addition, collagen content of back skin increased from 13.4 to 29.6 mg/g. Rossi et al. (4) also reported that higher levels of organic zinc supplementation increased collagen content in the skin of broilers, which is consistent with our results. Therefore, the results indicate that feeding with organic zinc can increase skin thickness and collagen content of broilers, resulting in decrease of skin tearing.
Skin tearing results in downgrading and economic losses to the broiler industry (2) . The degree of skin tearing is affected by growing condition, dietary factors, and skin collagen content. Downgrades of broilers ranging from 5 to 7% have been reported due to skin tearing (12) . Therefore, to examine the relationship between zinc in the diet and the degree of skin tearing, the expression level of skin proteins affected by organic zinc feeding was evaluated on 2D-GE. Protein spots were separated using pH 4～7 IPG strip and the expression level of each protein was compared on the silver stained gel between the control and the broilers fed with 80 ppm organic zinc (Fig. 1) . Among the protein spots, difference in the expression level of proteins by an image analyzer was examined carefully and repeatedly, and the 7 spots showing distinct and consistent pattern in terms of difference in density were selected. The protein spots were analyzed using MALDI-Q-TOF-MS after trypsin digestion. The peptide mixtures of the protein spots were analyzed Means in the same column followed by different letters are significantly different (p<0.05). based on the mass spectrum (data not shown). The proteins that were affected by zinc in the diet were finally identified using the MASCOT search engine, the NCBI database, and an MS BLAST homology search. However, it should be noted that 4 of the spots (spot 3, 4, 5, 6) were not identified due to lack of information regarding chicken proteins in the database. However, in this study, we were able to identify three proteins. They are glyoxylase 1 (spot 1), hypothetical protein (spot 2), and dispersin B (spot 7). Glyoxylase is related to detoxification of metabolic byproducts, and dispersin B is involved in detachment of bacterial cells. Thus, these two proteins may contribute to a higher immunity to foreign microorganisms, resulting in resistance to skin infection by pathogens. Therefore, our results suggest that organic zinc feeding affects the expression level of skin proteins of broilers, which may be involved in immune response or inhibition of bacterial infection, resulting in decrease of skin tearing.
